Reliable flood forecasting requires hydraulic models capable to estimate pluvial flooding fast enough in order to enable successful operational responses. Increased computational speed can be achieved by using a 1D/1D model, since 2D models are too computationally demanding. Further changes can be made by simplifying 1D network models, removing and by changing some secondary elements. The Urban Water Research Group (UWRG) of Imperial College London developed a tool that automatically analyses, quantifies and generates 1D overland flow network. The overland flow network features (ponds and flow pathways) generated by this methodology are dependent on the number of sewer network manholes and sewer inlets, as some of the overland flow pathways start at manholes (or sewer inlets) locations. Thus, if a simplified version of the sewer network has less manholes (or sewer inlets) than the original one, the overland flow network will be consequently different. This paper compares different overland flow networks generated with different levels of sewer network skeletonisation. Sensitivity analysis is carried out in one catchment area in Coimbra, Portugal, in order to evaluate overland flow network characteristics. Key words | dual drainage, flood forecasting, simplification of sewer and overland networks N. E. Simõ es et al. | Sensitivity analysis of surface runoff generation in flood forecasting
INTRODUCTION
Floods are one of the most serious natural hazards and have been occurring with increasing frequency, not only in under-developed countries, but also in developed ones.
The enormous effect they can have on human health issues, property damage and disruption of human activities is increased in urban areas due to their high population density. To reduce this damage it is important to be able to predict their spatial and temporal distribution in order to be able to better manage people's response.
The results presented in this paper are based on dual drainage concept which has been implemented in several projects. It consists of a network of open channels and ponds connected to the sewer system (1D/1D) (Djordjevic et al. 2004; Djordjevic et al. 2005) . This approach has recently been enhanced by the UWRG of Imperial College Maksimovic et al. 2009 ).
More complex models have been tested with one-dimensional sewer model and two-dimensional surface model (1D/2D) Leandro et al. 2008) . In When the aim is to forecast flood situations, one of the critical aspects is the period of time available between the acquisition of data, such as rainfall, flow in the sewers, and the results obtained by hydraulic simulations. Therefore, doi: 10.2166/wst.2010.178 data transmission, correction of anomalies and hydraulic simulation of the drainage system need to be fast, reliable and as accurate as possible in order to get the best possible estimation of flood magnitude and extension. The aim is to predict in less than 15 min the flood extension for the following 3 h after the reception of rainfall measurements.
In order to reduce the simulation time, simplifications can be made in the networks. Several techniques already applied to water distribution networks can also be applied to simplify drainage system networks (Haestad Methods 2002; WAPUG 2002; Hartell et al. 2006) . These techniques can lead to several levels of network simplification. (ii) from pond to downstream manhole or gully;
(iii) from pond out of the catchment;
(iv) spillway between two mutually connected ponds;
(v) from surcharged manhole to downstream manhole;
(vi) from manhole to downstream pond, and (vii) from surcharged manhole to the outlet of the catchment. The previous list shows that the generation of the overland network is highly dependent of the sewer system.
The output data is imported into InfoWorks, where the simplification techniques are applied.
Simplification techniques
In order to reduce the simulation time, simplifications were made in the network that comprises the sewer and surface flow networks. The first method used to simplify the network is called pruning. It consists in the exclusion of peripheral pipes/pathways and their upstream nodes. The criteria used were diameter less or equal than 300 mm and length less or equal than 10 m. Another simplification used is called merging. It consists of grouping a number of similar consecutive pipes or pathways together. If diameter or pathway width of consecutive pipes or pathways was less or equal than 100 mm, the elements could be merged.
When conduits or pathways are removed some manholes and some overland ponds are also removed changing the storage capacity of the network. Using Infoworks CS, it is possible to compensate the storage capacity of manholes according to WAPUG user note 15 (Chapman 1996) , However, further work to compensate the removal of overland ponds created by the UWRG tool still need to be done.
When some nodes are removed, subcatchments belonging to the removed nodes have to be assigned to other nodes.
In the simplification procedure subcatchments belonging to a removed node are assigned to the downstream node.
Drainage networks
Two different strategies were adopted to simplify the networks. Firstly, the simplifications were applied to the sewer network and the overland network already connected and complete 1D/1D. The pruning technique was applied to generate the (1D/1D) p and then network was itself simplified with the merging technique to generate the (1D/1D) pm network. The level of simplification achieved was not completely satisfactory and a different strategy was adopted. The second strategy to achieve a better level of network simplification is divided in two steps. The first step Figure 4 (a-d) shows different 1D/1D networks. Table 1 presents the number and type of nodes of 1D networks and the reduction achieved related to the 1D network. In Table 2 the number and type of nodes of the different 1D/1D networks and the reduction calculated based on the comparison to the 1D/1D network is presented. Table 3 shows the number of conduits of 1D networks and the reduction related to the 1D/1D network. Table 4 presents the number of conduits and pathways of 1D/1D networks and the reduction related to the 1D/1D network.
RESULTS
In Tables 1 -4 one can see that applying the simplification techniques to the sewer network separately from the overland network a greater reduction of elements is obtained (approx. 84%. to de 1D pm network). Creating the overland network using the same criteria but using different sewer networks the number of ponds remains constant, but the number of break points increases when the number of nodes from the sewer network decreases. The reduction of conduits and pathways is also bigger if the simplification techniques are applied in two steps.
One of the problems in removing ponds is the reduction storage capacity of overland networks, which has direct impact in flow Simõ es et al. 2009 ). In the Table 5 , the storage volume of the ponds belonging to 1D/ 1D networks is presented. It can be seen that the reduction of nodes and conduits in the sewer network does not affect the storage volume of the overland network. Applying the simplification techniques on the sewer network, a bigger reduction of elements is obtained with a similar storage capacity. Despite the fact that the length of the network does not affect the simulation time, the length of the drainage networks is shown in Table 6 and Table 7 . The length of the overland network is always similar, however the sewer network may have a considerable reduction, due to the simplification criteria used. 
DISCUSSION AND CONCLUSIONS
Efficient flood forecasting models need to predict flood depths and extension in a short time after the start of the storm or acquisition of the first set of rainfall measurements.
A way to reduce the time of simulation is simplifying the networks used to simulate the flood conditions (magnitude and extension).
In this study, two different strategies to simplify network were adopted: simplifying the sewer network and the overland network together has shown to be less efficient when compared with doing it separately. The reason for this relies on the fact that the two networks are highly connected. Applying the simplification techniques on the sewer network separately from the overland network, a greater reduction of elements was obtained.
Creating overland networks using the same criteria but different sewer networks does not affect the number of ponds however the number of break points increases when the number of nodes from the sewer network decreases. This happens because if there are less manholes, there will be more pathways intersections. The reduction of conduits and pathways is also greater if the simplification techniques are applied in two steps.
The reduction of nodes and conduits in the sewer network does not affect the storage volume of the overland network. Applying the simplification techniques on the sewer network separately, a bigger reduction of network elements is obtained and the storage capacity reduced is similar when the networks are simplified in one or two steps. Other techniques to compensate the storage volume associated with ponds removal is being developed by the authors. The simplification procedure in Infoworks is semi-automatic and the authors are also improving it. 
